The boronium-carbonium ion continuum was extended to include hypercoordinated onium-carbonium dications and the isoelectronic onium-boronium cation analogs. Structures and 13 C and 11 B NMR chemical shifts of the onium-carbonium dications and the corresponding isoelectronic and isostructural onium-boronium cations were calculated with the ab initio͞GIAO-MP2 method. The data show a good linear correlation between 11 B and 13 C NMR chemical shifts, indicating that the same factors that determine the chemical shifts of the boron nuclei also govern the chemical shifts of carbon nuclei of these hypercoordinated onium ions and dications. In Eq. 1, the ␦
B
oron and carbon are consecutive first-row elements. It follows that electron-deficient trivalent carbocations are isoelectronic with the corresponding neutral trivalent boron compounds. Spielvogel et al. (1) and Nöth and Wrackmeyer (2) have been able to show a close relationship between the experimental 13 C NMR chemical shifts of the carbons in carbocations and the corresponding experimental 11 B NMR chemical shifts of the boron atoms in isoelectronic boron compounds. The general correlation equation for trigonal species is given in Eq. 1: In Eq. 1, the ␦
13
C is the chemical shift of the cationic carbon of the carbenium ion with respect to tetramethylsilane, and the ␦ 11 B is the chemical shift of the corresponding boron atoms with respect to the BF 3 :OEt 2 . The empirical Eq. 1 is in good agreement with most of the available data. Later, G.K.S.P. et al. (3) reported an extension of the relationship to cage compounds containing trivalent carbon and boron atoms.
Williams et al. (4) derived a similar empirical Eq. 2 for hypercoordinate (5) carbocations (carbonium ions) and their corresponding hypercoordinate boron compounds (e.g., square pyramidal structure of C 5 H 5 ϩ i and square pyramidal structure of pentaborane ii).
Recently, we have been able to show (6) a good boroniumcarbonium ion relationship for the hypercoordinated hydriodo carbocations and their isoelectronic and isostructural boron compounds (e.g., parent five coordinated carbonium ion CH 5 ϩ iii and five coordinated boronium ion BH 5 iv) based on ab initio͞GIAO-MP2 calculations. These relationships show that the same factors that determine the chemical shifts of the boron nuclei also govern the chemical shifts of carbon nuclei. Based on the ab initio͞GIAO-MP2 calculations we now extend this boronium-carbonium continuum to hypercoordinate onium-carbonium dications (v) and the isoelectronic onium-boronium cations (vi), hitherto not yet observed.
Results and Discussion
The geometry optimizations were performed at the MP2͞6-311ϩG** level with the GAUSSIAN 98 program package (7) . Vibrational frequencies at the MP2͞6-31G**͞͞MP2͞6-31G** level were used to characterize stationary points as minima [number of imaginary frequency (NIMAG) ϭ 0]. The 13 C and 11 B NMR chemical shifts were calculated with the MP2͞6-311ϩG** optimized geometries by the GIAO method (8-10). The GIAO-MP2 (11, 12) calculations with a tzp͞dz basis set (11) (12) (13) ) . Protonation seems to always take place on the B-H bond to form a three-center two-electron (3c-2e) bond. We have now recalculated the structures of H 4 BX ϩ (X ϭ NH 3 , PH 3 , H 2 O, H 2 S and CO) 1-5a as well as additional structures (X ϭ N 2 , HF, HCl, CO 2 , and CS 2 ) 6-10a at the MP2͞6-311ϩG** level (Fig. 1) . The structures 1-10a were found to be the global minima at this level of calculations. All of the monocations H 4 BX ϩ are B-H protonated involving hypercoordinate boron with a 3c-2e bond. The structures 1-10a can also be considered as onium-boronium ions. The MP2͞6-311ϩG**-calculated structures of 9a and 10a agree well with the recently reported density functional theory B3LYP͞6-311ϩG**-calculated structures (16) . We have also recently reported (17) the structures of 7a and 8a calculated at the MP2͞6-311ϩG** level.
The corresponding isoelectronic and isostructural carbon analogs onium-carbonium dications H 4 C ϩ X ϩ (X ϭ NH 3 , PH 3 , H 2 O, H 2 S, CO, N 2 , FH, ClH, CO 2 , and CS 2 ) 1-10b were also calculated at the same MP2͞6-311ϩG** level and found to be minima (Fig. 1) . However, no attempts were made to locate the global minima for H 4 C ϩ X ϩ . Similar to boron, each of the structure of 1-10b contains a hypercoordinate carbon involving a three-center two-electron bond.
We have calculated the Correlation of 13 C and 11 B NMR Chemical Shifts. In general, we found a good linear correlation between the calculated 13 C NMR chemical shifts of studied onium-carbonium dications and the calculated 11 B NMR chemical shifts of the corresponding isoelectronic onium-boronium cation analogs (Fig. 2) . The close relationship further demonstrates that even dicationic-cationic systems closely follow Eq. 2 derived for nonclassical systems. The correlation line (3) derived from Fig. 1 closely corresponds to the correlation line (2) . C NMR chemical shifts. This indicates that these oniumcarbonium and onium-boronium ions also follow Eq. 2 derived for the nonclassical systems (4). It seems that the same factors that determine the chemical shifts of the boron nuclei also govern the chemical shifts of the carbon nuclei within the hypercoordinated onium compounds.
